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57} ABSTRACT

For rapid and efficient recovery of dissolved molybde-
num from spent acid, the spent acid solution is first

~ diluted to a predetermmed acid-water volume ratio and
~ anhydrous ammonia added thereto to raise the solution

temperature to at least about 90° C. The solution tem-
perature is maintained at less than boiling and the am-
monia addition continued until the solution pH is from
about 1.5 to about 3.5. The partially neutralized solution
is then seeded with solid ammonium molybdate parti-
cles in order to hasten the onset of nucleation. The

‘seeded solution 1s maintained at a temperature of at least

about 90° C. but less than the boiling temperature for a
pertod of from about one hour to about four hours in

order to prempttate substantially all molybdenum there-
from as ammonium molybdate. Thereafter, the precipi-

tated ammonium molybdate is separated from the resid-

‘ual solution.

3 Claims, 1 Drawing Figure
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RAPID AND EFFICIENT RECOVERY OF’
MOLYBDENUM FROM SPENT MANDREL
DISSOLVING ACID SOLUTION .

""B'ACKGROUNDOF"THE INVENTION’* '

This invention relates to recovery of dlssolved mo-
lybdenum from spent mandrel dissolving acid solutions
‘and, more particularly, to the rapid and, efficient recov-
ery of dissolved molybdenum from a Spent solution of
mnted sulfurlc acrd-nrtrlc acid. e

‘In the processing of tungsten ﬁlament coﬂs and espe-—
-c1a11y ‘double- coiled filaments, a very fine tungsten wire
1s wrapped about a sma,ll molybdenum mandrel to form
a first coil. The coiled’ tungsten and molybdenum marn-

;the tungsten is in the’ form of a coil which in turn is

formed' into" a ‘coil. “Theé formed: corled coil is then

sllpped cff the largest mandrel, leavmg the first’ molyb—
“derium rnandrel n place within the turns of the smaller
tunsten ‘coil. After cutting to size, this member is im-
mersed-‘in-a’warm solution of mixed sulfuric acid and
‘nitric ‘acid ‘which’ dissolves’the retained molybdenum
mandrel leaving the coiled-coil of’ tungsten intact, The
resulting coiled-coil of tungsten is then in a form suit-

- able-for use; ‘such as-a‘filament for an electric lamp.
“The relative 'concentrations of the mixed sulfuric acid
'and nitric acid are subject to soifie-variation and a mixed
acid ‘solution of sulfuric acid (normality of thirteen) and
hitricacid (normality - of seven) has been-found to be

5
‘and efficiently recovering molybdenum in a form sub-
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15
‘drel are then wrapped about a second mandrel SO that |
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-achieve a pH of about 2.9, it was stirred for an addi-
“tional ‘twelve hours to complete the precipitation.

 SUMMARY OF THE INVENTION

There 1S prov1ded an rmproved method for quickly

stantially free from other metals from a mixed sulfuric

‘acid-nitric acid aqueous solution which has substantial
'quantltles of molybdenum dissolved therein and which

has‘beén used to dissolve molybdenum mandrels from

- coiled tungsten ﬁlaments In accordance with this im-

proved method, the so-called “spent” mixed acid solu-
tion is diluted with water to a predetermined acid-water
volume ratio. There is then added to the dilute solution
anhydrous ammonia at a predetermined rate with the
acid-water ratio and the rate of addition of anhydrous
ammonia causing the solution temperature to rise to at
least about 90° C. The solution is maintained at less than

its boiling ternperature and the anhydrous ammonia

addition thereto is continued until the pH is from- 1.5 to

~about 3.5. The partlally neutralized solution is then

very suitable.: When this acid sclutron has -sufficient -

| molybdenum dlssolved therein so that the molybdénum
- is'present in an amount of from about 40 grams to'about
75 grams per litér of 4cid solution; the rate of molybde-

num dissolution ‘becomes. sufﬁcrently slow that the ac1d_

s regarded as ‘“‘spent”. .

“In U.S." Pat.” No. 3,963, 823 dated: June 15 1976 is
| dlsc]csed a’method for recovering -the molybdenum
from the spent:acid. In‘accordance with the teachings of
this patent, ammonium hydroxide is added to a diluted

~ spent-acid solution to partially neutralize same and raise

the pH 'thereof to a value of from about 1.5 to about 3.
‘The solution:is then maintained in & heated condition for
a pedetermined ‘time sufficient to precipitate therefrom
substantlally all of the dissolved molybdenum as ammo-
niam molybdate complex, This precipitated ammonium
molybdate is then recovered for further use. More spe-
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‘nium molybdate crystallizes from a partially neutralized

cifically; after initial partial neutralization, the solution

temperature: preferably is maintained at from 70° C. to
~ 80° C. with constant solution agitation for a period of at
least about-ten hours and preferably from ten hours: to

- twenty hours in order to precipitate the dissolved mo-

]ybdenum as ammonium molybdate complex. -
- In: the: initial practice of the method as set forth in

U.S. Pat. No. 3,963,823, the spent acid was first diluted
to an;acid/water volume ratio of about 1:1, in order to

ensure that solution ‘boiling ‘did not: occur during the

neutralization step. Ammonium hydroxide was then
added to the diluted solution to achieve the desired pH,
which typically was. about 2.5. As the ammonium hy-
droxide was added, the degree of dilution of the solu-
- tion increased: accordingly. After the solution: was par-
tially neutralized, it:was stirred for about twelve hours
to complete the precipitation. In latér.commercial re:

- finements of this process, the. ammonium hydroxide was

- replaced ‘with anhydrous ammonia :and the* spent acid
- was 1n1t1ally diluted. to ‘an-acid-water volume ratio of
1:3. After the solutron was’ partially - neutralized: " to
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seeded with a predetermined amount of ammonium
molybdate solid particles and the seeded and heated

- ‘solution is then maintained at a temperature of at least
about 90° C. but less than the solution boiling tempera-
ture for a period of from about one hour to about four
hours. This shortened :time is sufficient. to precipitate
‘substantially all molybdenum therefrom an ammonium
30_ ‘monium molybdate 1 18 separated from the residual solu-

molybdate. Thereafter, the resulting precipitated am-

tion. . N .
BRIEF DESCRIPTION OF THE DRAWING

For a better understandmg of the invention, reference

.may be had to a preferred apparatus for practicing the

present method shown in the accompanying drawmg In
which the sole FIGURE is a specially designed precrpl-

tating tank adapted to have anhydrous ammonia intro-

duced. therein and adapted for external heatlng and
cooling which 1s required.

- DESCRIPTION OF THE PREFERRED
EMBODIMENT

It._-has béen determined that the rate at which ammo-

spent -acid solution is dependent on the temperature of

‘the solution and the higher the temperature, the more
rapid-the molybdate .crystallizes out of solution. For

example, in a typical test the residual dissolved molyb-

dénum content of the partially neutralized - solution
dropped to 0.15 gram/1 after 2.5 hours of stirring with

the solution temperature maintained at 92° C. On a test
conducted with the same solution, the solution tempera-

ture was allowed to.fall from the partial neutralization

temperature of 94° C. to 75° C., and after 4.5 hours of
stirring during .precipitation, the residual molybdenum
content was measured 'at 0.36 gram/1. o
The higher temperatures also result in an earlier onset
of nucleation. In a typical test, the solution temperature
was maintained at-92° C. after the partial neutralization
and a noticeable haze in the solution developed in about
20 minutes. In an otherwise similar test, the solution was
permitted to cool to 75° C. after neutralization and a
similar haze did not appear until after one hour. The

foregoing effects of temperature are not due to evapora-

tion of water since this was prevented in the foregoing
tests by ensuring that water from the precipitating con-
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tainers was not evaporated. The higher temperature
precipitation also produced a highly crystalline material
which settled very rapidly.

As indicated herebefore, in the refined commercial
practice of U.S. Pat. No. 3,963,823 the “'spent™ acid was
first diluted with water in the amount of three volumes
of water per one volume of spent acid. In a second series

of controlled tests, the acid/water dilution ratio was
varied from 80/350 to 80/120 and the results are set
forth in the following Table I, wherein the time re-

quired for first nucleation was noted along with the
dissolved molybdenum content in the mother liquor
after varying times.

LA

10

TABLE 1 s
Ammonium Molybdate Precipitation (Crystallization)
From Spent Mandrel Dissolving Acid - All
Temperatures Maintained at 91° C.
- First Dissolved Mo Content in Mother
Acid/Water Nucieation Liquor, gms Mo/, after:

Ratio after (Min.) 23 hrs 33 hrs 4} hrs 20
80/350 42 0.30 0.29 0.29
80/270 32 0.20 0.15 0.15
80/230 23 0.15 0.13 0.13
80/160 19 0.12 0.10 0.10
80/120 - 13 0.09 0.08 008 55

In order to speed up still further the precipitation of
ammonium molybdate from the partially neutralized
acld solution, solid ammonium molybdate particles hav-
ing an average side of about 10 to 30 microns were
added to the partially neutralized solution and the dis-
solved molybdenum content in the mother liquor was
measured after varying times. The results of this test are
set forth 1n the following Table II.

TABLE II

Effect of “*Seeding” on Ammonium Molybdate
Crystallization from Neutralized (pH 2.9)
Spent Mandrel Dissolving Acid @ 95° C.

Dissolved Mo Content

30

35

Final in Mother Liquor, 40
Acid/Water  Neutralization  Seeding gms/1, after:
Ratio Temp., °C. 1 gm/] 1 hr 2 hrs
§0/230 98" C.* No — 0.54
80/230 98° C.* Yes 0.42 0.23

45

*The high temperature is the result of a somewhat fast neutralization (22 min.)

In a further controlled test, the acid water ratio was
varied from 80/270 to 80/160 and the particle size of the
resulting precipitate was measured. In addition, the
effect of molybdenum content in the spent acid on pre-
cipitated molybdate particle size was measured and the
results are set forth in the following Table III. As
shown therein, the higher the molybdenum content in
the spent acid, the larger the particle size of the precipi-
tated ammonium molybdate. Larger particle sizes are
desirable since the precipitated product is easier to sepa-
rate from the mother liquor. The larger particle sizes
also are dried more readily than the smaller particle
S1ZES.
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TABLE III 60

Ammonium Molybdate Crystallization from “Spent"
Mandrel Dissolving Acid - @91° C.

Acid/Water
Ratio

Ammonium Molybdate
Particle Size, microns

A. Spent Acid contains 60 gms Mo/l 65

80/270 9.0
80/230 15.4
80/160 27.0

4
TABLE III-continued

Arﬁrﬁh_hium Molybdafe Crystallization from “Spent™
| Mandrel Dissolving Acid - @91° C.
Acid/Water
Ratio

Ammonium Molybdate
Particle Size, microns

B. Spent Acid contains 74 gms Mo/|
80/230 27.0

An apparatus for practicing the present process is
shown in diagrammatic sectional view in the sole FIG-
URE. The apparatus 10 comprises a precipitating tank
12 which can be fabricated of stainless steel. In practic-
ing the process, water is first added to the tank 12
through the valved inlet line 14 and acid is then added
thereto, with the acid/water ratio in the mixed solution
15 preferably being from about 80/120 to about 80/160.
A motor driven impeller 16 is then turned on for about
one minute to insure homogeneous mixing of the acid
and water. The tank 12 is provided with a cooling-heat-
ing jacket 18 which connects through a valved conduit
22 to a cooling water supply with the cooling water
outlet being a valved conduit 20. Valved inlet and outlet
conduits 24 connect to a steam heating supply.

After the water and acid are mixed, the impeller 16 is
turned off, the cooling water is turned on, and anhy-
drous ammonia is introduced into the tank 12 through a
feedline 26 which terminates in a sparger-type gas dis-
tributor 28. For a tank which holds 275 gallons (1040
liters) of diluted acid solution 15, anhydrous ammonia is
introduced into the tank at a rate of about 1200 to 3700
grams per minute. The reaction is strongly exothermic
and the solution temperature will rapidly rise to at least
about 90° C. with the circulation of the cooling fluid
through the tank jacket 18 preventing boiling. It should
be noted that solution boiling during the partial neutral-
1zation step and during later precipitation is avoided for
practical reasons, i.e., the resulting excessive evapora-
tion of the water and the attendant evolution of acid
fumes. . |

The rate of ammonia addition can be varied consider-
ably and the faster the neutralization process, the
greater the cooling required. Under the foregoing con-
ditions, the solution pH increases to about 1.5 in a per-
iod of about 20 minutes to about 1 hour, depending
upon the rate at which anhydrous ammonia is intro-
duced. Precipitation of ammonium molybdate can be
etfected at a solution pH of from about 1.5 to about 3.5
with the solution temperature maintained at least about
90° C., but less than boiling. It is preferred, however, to
eftect precipitation at a pH of from about 2.5 to about 3,
with a specific example being about 2.9. When the solu-
tion pH has risen to 1.5, the impeller 16 is turned on, in
order to msure homogeneous mixing and accurate pH
readings. As a specific example, the ammonia addition is
continued for another 10 minutes to 30 minutes, depend-
ing upon the rate of addition, until the solution pH is 2.9.

Immediately after the partial neutralization, the solu-
tion 1s seeded with a small predetermined amount of
ammonium molybdate solid particles in order to en-
hance the onset of nucleation. As a specific example,
one gram per liter of solution of ammonium molybdate
particles having an average size of approximately 27
microns are added to the tank 12 through access door 36
whtle continuing the agitation of the solution with the
impeller 16. The cooling water is then shut off and
drained from the jacket 18 and the temperature of the
tank maintained at least about 90° C., but less than the
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~ solution boiling te'mpereture, by heating steam which is

outlet lines 24. The solution agitation is continued and
~under these COHdltIOHS substantially all molybdenum

introduced to the jacket 18 through the valved inlet and

will be precipitated from the solution in a period of 5

from about 1 hour to about 4 hours, with the molybdate

- precipitate belng rapid settling and having a: large parti-

cle size, 27 microns being representative. As a speelﬁe;

| example about 2 hours is normally sufficient to prempl-
tate all molybdate. - |
After precipitation and settling, the mother 11quor 1S
siphoned off and substantially all precipitate collected
from the tank 12 through the outlet 32. The reclaimed

10

~ammonium molybdate can then be washed with a de-

- cantation process to remove residual ammonium sul-

15

 fate/nitrate from the precipitated crystals. The resulting _

_' reclalmed ammonium molybdate has a varlety of uses.
~ As a further refinement, the tank 12 is also provided
with a valved exhaust line 34 which is provided with a

water-cooled condenser 36 so that any water vapor and

“acid fumes evolved during the neutrahzatlon step are
condensed for return to the tank 12.

20

‘While the preferred acid water ratio is from about

80/ 120 to about 80/ 160, acid solutions which are even

less diluted can be used provided adequate cooling is
prewded during the partlal neutrallzatmn
‘What is claimed is:

25

1. 'The method of qu1ck1y and efﬁmently recovermg -

| molybdenum from a mixed. sulfuric acid-nitric acid
aqueous solution havmg substantial quantities of molyb-

30

“denum dlsselved therein, said mixed acid solution hav-

~ing been used to dissolve molybdenum mandrels from
coiled tungsten filaments, which method comprises:

diluting said mixed acid solution with water to a

predetermined amd -water volume ratio, adding

35
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anhydrous ammonia to said diluted solution at a
predetermined rate with the predetermined acid-
water ratio of said diluted solution and the prede-
termined rate of anhydrous ammonia addition
thereto causing the solution temperature to rise to
at least about 90° C., maintaining the solution tem-
perature at less than its boiling temperature, and
continuing the controlled anhydrous ammonia ad-
~ dition to said solution until the solutlon pH 1s from
about 1.5 to about 3.5;
seeding the partially neutralized solution with a small
predetermined amount of ammonium molybdate
solid particles; |
maintaining the seeded and heated solution at a tem-
perature of at least about 90° C. but less than the
solution boiling temperature for a period of from
about one hour to about four hours to precipitate
| substantlally all molybdenum therefrom as ammo-
nium molybdate; and
separating the resulting precipitated ammonium mo-
lybdate from the residual solution. |
. 2. The method as specified in claim 1, wherein said
mixed acid solution is diluted with about 1.5 to about
twice the volume of water, external cooling is applied
to said solution during anhydrous ammonia addition
thereto to prevent boiling of said diluted solution, and

‘anhydrous ammonia addition is continued until the solu-

tion pH 1s from about 2.5 to about 3.
-3. The method as specified in claim 2, wherein said
seeding is accomplished by adding to said heated solu-

tion ammonium molybdate solid particles in amount of

about one gram per liter of said heated solution, and
external heating is applied to the seeded solution during

precipitation of said ammonium molybdate.
| * Kk Kk Xk %
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